Abstract
During a terrorist trial, dispute arose as to whether the temperature produced in a car fire was sufficient to destroy quartz grain surface textures. A series of seven sequential experiments showed that the temperature for quartz surface texture modification/destruction and the production of vugs, vesicles and glassy precipitation Keywords: Forensic science, quartz, vehicle fire temperatures, scanning electron microscopy.
Background
During a trial involving a terrorist attack, the prosecution presented, as part of their evidence, the results from quartz grain surface texture analysis of various soils from the attack scene and from associated comparator sites. Some of these quartz grains had been recovered from a vehicle which had been completely destroyed by fire, and consequently no other physical evidence (such as DNA, fibres, pollen etc.) could be recovered. The defence argued that this geological evidence should be disregarded,
claiming that the temperatures experienced during the fire would have caused the surviving quartz grains to become so heavily fractured and altered that their surface characteristics would no longer be recognisable. This paper therefore, sets out to determine under what conditions quartz grain surface textures can be preserved after exposure to the temperatures associated with vehicular fire.
Introduction
Quartz is a highly resistant and therefore, a ubiquitous mineral found in most soil/sediment samples. It has been shown to demonstrate a range of clearly identifiable and environmentally specific surface textures [1] [2] [3] [4] [5] containing texture assemblages which form specific grain types [6] [7] [8] [9] . Recent studies show the relevance of this technique as a 'fingerprinting mechanism' useful in the forensic arena [10] .
Soil/sediment samples have been analysed and compared for forensic purposes by a number of methods including colour [11] [12] , organic content [13] , biological characteristics [14] [15] [16] , particle size analysis [17] [18] [19] [20] and mineralogy [21] . However, the action of fire will have a profound influence on the viability of all these measurable characteristics of soil as significant modifications to these characteristics occur. Colour and particle size distributions of a soil have been shown to be modified at 400 o C [22, 23] , as have mineralogy [24] and soil/sediment chemistry [25] . Heating initially affects the biological activity of a soil/sediment, while intermediate temperatures from sustained heating can implement appreciable chemical changes.
When temperatures reach sufficient levels, permanent physical alterations occur (as outlined in figure 1 [26] ).
Fires and their associated high temperatures can therefore, have a multitude of impacts on the chemical, physical and biological characteristics of a soil/sediment sample rendering many of the traditional analytical techniques employed in forensic analysis impracticable under these conditions. It has however, been observed that after severe burning quartz, mica and feldspar grains survived [23] . It is therefore important to know whether the quartz grain surface textures are modified or altered after exposure to high temperatures rendering this technique equally unusable in the situations such as that found in vehicle fires.
This paper presents a series of experiments which have been undertaken to assess the impact of temperature on quartz grain surface textures, and to offer conclusions in the light of this work as to the practicability of this analytical technique for forensic soil/sediment samples that have been subjected to high temperature environments.
The experiments involve ascertaining the critical temperature for quartz grain surface modification, whether this critical temperature varies according to different types of quartz and whether it varies in the presence of other materials normally associated with vehicles and soils (catalysts or inhibitors).
Experimental Work

Experiment 1
The aim of this experiment was to observe the critical temperature of quartz surface texture modification under normal atmospheric conditions using heat generated from a muffle furnace. Four samples were used which comprised of two types of soil and 
Experiment 2
This experiment was formulated to test the conclusions derived from experiment 1 and to include the consideration of the effect of the introduction of denim, cotton and lycra materials as having a possible catalytic or inhibiting effect on the quartz modification critical temperature. The same procedure as used in experiment 1 was repeated on the same four sand and soil samples which were this time wrapped in material swatches.
The results of these experiments demonstrated that the addition of denim, cotton or lycra to the 30 quartz grains studied appeared to have no effect on the occurrence of 
Experiment 3
Further experiments were undertaken with five additional sand samples which all had a high quartz content (soft white sand from Lochaline, West Scotland; sand from Cheltenham; sand from Storsjoen Lake, East Norway; beach sand from Douglas, Isle of Man; beach sand from Keem Bay, Archill Island, Co Mayo). These samples were used to test the possible catalytic effect of engine oil, car body paint, rubber, footwell carpet and plastic respectively. Firstly, the samples were subjected to temperatures 
Experiment 6
Given the observation from experiment 5 that salts do indeed seem to have the same effect of reducing the critical temperature for quartz surface texture modification (as found in experiment 1), this experiment tested whether various salt solutions of differing complexity would also affect the critical temperature for quartz grain surface texture modification. grains, yet cracks [27] occurred on the quartz treated with Chilean salt and extensive vesicular structure features occurred on the quartz treated with Namibian salt.
Experiment 7
The last experiment in this series was constructed to determine whether soil or sediment pH played any part in affecting the critical temperature of quartz grain surface texture modification. Different types of soil were used (peat pH 3.24, topsoil 
Conclusions
From these experiments, a number of conclusions can be drawn: * see Figure 9 for detailed thermograph **The wheel arches of the Escort were unaffected by the flames due to the seat of the fire being in the rear interior of the vehicle. * see Figure 9 for detailed thermograph **The wheel arches of the Escort were unaffected by the flames due to the seat of the fire being in the rear interior of the vehicle. Table summarising the results derived from experiment 6 investigating the effect of different salt compounds on the critical temperature for quartz grain surface texture modification.
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